Abstract | Mediastinal staging of non-small-cell lung cancer (NsCLC) is of paramount importance. it distinguishes operable from inoperable disease, guides prognosis and allows accurate comparison of outcomes in clinical trials. Noninvasive imaging modalities for mediastinal staging include CT, PeT and integrated PeT-CT. Mediastinoscopy is considered the current gold standard; however, each of these techniques has limitations in sensitivity or specificity. These inadequacies mean that 10% of operations performed with curative intent in patients with NsCLC are futile, owing to inaccurate locoregional lymph-node staging. endoscopic and endobronchial ultrasound-guided mediastinal lymph-node aspiration are important and promising innovative techniques with reported sensitivities and specificities higher than standard investigations. The role of these techniques in mediastinal lymph-node staging is evolving rapidly and early data suggest that they may diminish the need for invasive surgical staging of the mediastinum. Furthermore, these are outpatient procedures that do not require general anesthesia and may be combined safely in the same sitting, for optimal accuracy of mediastinal staging. we propose a new algorithm for the diagnosis and staging of NsCLC, based on the current evidence, which incorporates endoscopic and endobronchial ultrasound as a first investigation after CT in patients with intrathoracic disease.
Introduction
Mediastinal staging of non-small-cell lung cancer (NSCLC) is a critical process that determines treatment options and prognosis for affected patients as well as allowing accurate comparison of outcomes in clinical trials. In patients with NSCLC who are fit for surgery and have no evidence of extrathoracic disease, the disease status of mediastinal lymph nodes (MLNs) is used to differentiate operable from inoperable candidates. Patients with no evidence of MLN metastases on staging investigations are eligible for surgery; those with mediastinal spread are offered chemotherapy and external-beam radiotherapy or neoadjuvant treatment in the context of a clinical trial.
Inadequacies in the current techniques for the staging of NSCLC result in 21-68% of thoracotomies being futile within 1 year. 1, 2 Of all NSCLC patients who undergo lung resection, 7-17% will have MLN metastases that are missed by current staging techniques, including PET and mediastinoscopy. 1, 2 Endoscopic ultrasound and endobronchial ultrasound are new tools for mediastinal staging of NSCLC that allow minimally invasive and accurate sampling of MLNs. We discuss the current methods available for such staging, with a focus on endoscopic and endobronchial ultrasound. We also present a new diagnostic algorithm that incorporates these techniques for intrathoracic staging of NSCLC.
Techniques for mediastinal staging
CT Contrast-enhanced CT is the first step in the assessment of MLN staging for NSCLC. A threshold value of 1 cm in the length of the shortest nodal axis is generally employed to distinguish potentially malignant MLNs (≥1 cm in diameter) from benign ones (<1 cm in dia meter). A meta-analysis of 43 studies that used this criterion demon strated that the sensitivity of CT in the diagnosis of MLN metastasis was as low as 51% with a specificity of 86%, in a population that had a median prevalence of media stinal metastases of 28%. 3 MLNs <1 cm in short-axis length may still harbor malignancy in 20% of cases. Conversely, 40% of enlarged MLNs might be benign, 4 particularly in the context of obstructive pneumonitis. 5 Relying on CT alone for mediastinal staging would, therefore, both overstage and understage patients, and lead to the potentially catas trophic consequences of missed opportunities to operate or futile surgery. These limitations highlight the importance of pathological confirmation of lymph-node status and that MLN staging cannot be performed by CT alone. However, CT remains an important initial investigation; it delineates the anatomy of the media stinum, which allows selection of the appropriate invasive staging tool.
PET
Functional imaging with PET and combined PET-CT is a valuable addition to assessments of the mediastinum. PET has superior sensitivity and specificity in mediastinal staging compared with CT 3 (Table 1) and
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reviews has an important clinical role in the diagnosis, staging, re-staging, therapy planning and monitoring of disease in patients with NSCLC. The standardized uptake value (Suv) is a measure of the metabolic activity detected by PET and provides information that can predict treatment response and survival. 6, 7 A cut-off Suv of 2.5 is generally applied to distinguish neoplastic from normal tissue. However, non-neoplastic lesions, particularly granulomatous disorders and infections, might also generate areas that seem positive for malignancy on PET. An overlap exists, therefore, between true-positive and false-positive findings in MLNs with an Suv max ≥2.5. PET falsely identifies malignancy in 25% of patients who have MLNs that are enlarged for other reasons. 3 Labeling PET-positive (Suv ≥2.5) MLNs as malignant without pathological confirmation may result in a missed opportunity to operate. Consequently, current guidelines 3, 8, 9 advocate that PET-positive MLNs should be invasively investigated before surgery is ruled out.
Although PET-positive mediastinal lesions require pathological confirmation of malignancy, most clinicians generally consider that PET-negative (Suv ≤2.5) lesions are not malignant, particularly in lymph nodes with a short axis <1 cm. 10 However, recent evidence has tempered enthusiasm for this imaging modality because false-negative PET findings can and do occur, and the diagnostic performance of this technique is dependent on nodal size. 11, 12 MLNs ≥1 cm should be invasively sampled, even if they are judged to be metabolically in active by PET scan. 13 Preoperative PET remains justified for patients with enlarged MLNs, however, because of its ability to direct invasive biopsy and also to detect previously unsuspected extrathoracic disease. 2 In addition to MLNs ≥1 cm, invasive mediastinal staging remains indicated for any mediastinal disease with high uptake of 18 F-labeled fluorodeoxyglucose (FDG), PETpositive hilar disease 14 or where low FDG uptake is seen in the primary tumor.
Transbronchial needle aspiration
Blind transbronchial needle aspiration (TBNA) is a safe procedure for staging MLNs and was first described in 1978. 15 During standard bronchoscopy, an aspiration needle is introduced into the biopsy channel and blindly punctures the bronchial wall, which allows the MLN to be aspirated. This process can be done most accurately for enlarged lymph nodes in the subcarinal area but lower paratracheal and hilar lymph nodes can also be sampled. 16 A positive TBNA result may obviate the need for further invasive tests, particularly when combined with PET. 17 A meta-analysis of data on patients who underwent TBNA, however, showed a pooled sensitivity of 39% for this technique, with a false-negative rate of 28%. The prevalence of mediastinal metastases in this population was 34%. 18 Rapid on-site evaluation of results obtained with blind TBNA, 19 use of CT fluoroscopic guidance, 20 performance of up to seven passes of TBNA 21 as well as education and 23 Further tests are necessary in the event of nondiagnostic or negative samples being obtained.
Mediastinoscopy
Mediastinoscopy is currently considered the gold standard technique for preoperative MLN staging in patients with NSCLC, and affords access to the paratracheal nodes (stations 2R, 2L, 4R, 4L), pretracheal nodes (station 3) and anterior subcarinal nodes (station 7). However, lymph nodes in the aortopulmonary window (station 5), anterior mediastinal nodes (station 6), posterior subcarinal nodes (station 7) and inferior media stinal nodes (stations 8 and 9) are not accessible by this technique (Figure 1) . 24 Micrometastases in normal-sized lymph nodes can be detected in biopsy samples; in addition, the surgeon can determine whether extracapsular spread has occurred, which confers inoperability. However, the sensitivity of detection for mediastinal metastases in patients with NSCLC is low at 78% (range 67-92%) and has a false-negative rate of 10%. 25, 13 This inaccuracy is, in part, explained by the limited access of mediastinoscopy to the mediastinum.
Mediastinoscopy is also considerably underutilized and poorly performed in routine clinical practice. Little and coauthors collated data on 11,668 patients who underwent thoracotomy for lung cancer in 729 hospitals in the uS. Only 27% of these patients had preoperative mediastinoscopy, and in only 47% of those procedures were lymphoid tissue samples obtained. 26 Smulders and colleagues 27 demonstrated that only 40% of mediastinoscopies were performed according to standard techniques in four hospitals in the Netherlands (three community hospitals and a non-university teaching hospital). Mediastinoscopy thus tends to be underemployed in the staging of lung cancer. Furthermore, when it is carried out, only half of the procedures obtain diagnostic tissue. Despite these limitations and a lack of standardization of the technique, mediastinoscopy currently remains the gold standard technique for staging mediastinal lymphadenopathy.
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Endoscopic ultrasound
Endoscopic ultrasound (EuS)-guided fine-needle aspiration (FNA) of mediastinal lymphadenopathy has been available for over a decade. 28 under conscious sedation, an endoscope is placed in the patient's esophagus. Radial echoendoscopes provide cross-sectional imaging but do not allow tissue samples to be obtained; these devices have been superseded by an integrated linear ultrasound probe that allows visualization of the media stinum ( Figure 2 ). Aspiration with a 22-gauge needle is performed through the wall of the esophagus under direct vision. Owing to the anatomical location of the esophagus, EuS-FNA can be used to sample mediastinal lymph nodes in stations 2L, 4L, 5, 7, 8 and 9. Furthermore, aspiration of the celiac axis nodes, left lobe of the liver and left adrenal gland via EuS can provide additional important staging information.
Samples obtained by EuS-FNA with a 22-gauge needle are suitable for cytopathological analysis. Occasionally, core samples obtained by EuS-FNA can be sent for histopathological investigation; however, core tissue samples are more reliably obtained using a 19-gauge Tru-Cut ® needle (Alliance Corp., McGaw Park, IL). This method requires that the mediastinal lymph node be at least 2 cm in diameter in the direction of the biopsy. Adding TruCut ® biopsy to FNA may improve the diagnostic accuracy and the adequacy of sampling. 29 Conflicting evidence exists on the importance of on-site evaluation of biopsy samples, 30, 31 but their diagnostic yield can be maximized by performing 3-5 passes. 31, 32 Cohort studies have demonstrated that EuS-FNA is a safe and efficacious procedure for the mediastinal staging of NSCLC. A meta-analysis of 18 studies 33 that included a total of 1,201 patients demonstrated a pooled sensitivity of 83% (range 45-100%), a pooled specifi city of 97% (range 88-100%) and a false-negative rate of 22%. The median prevalence of mediastinal disease in this cohort was 61%. These studies only included patients with media stinal lymph nodes that were accessible to EuS-FNA.
Randomized trials of EUS-FNA in NSCLC
The importance of EuS in lung cancer staging is yet to be fully addressed in randomized trials. Tournoy et al. recruited 40 individuals who required invasive mediastinal staging and randomly allocated them to undergo mediastinoscopy (21 patients) or EuS-FNA (19 patients). 34 Negative EuS-FNA results were followed by mediastinoscopy. Patients with negative mediastino scopy results underwent thoracotomy and definitive MLN sampling. The authors showed that only 32% of patients 
EUS-FNA in specific groups of patients
Although randomized, controlled trials of unselected patients might provide the highest level of evidence in support of a new procedure, 36 cohort studies are important to demonstrate efficacy in different situations. 37 Singh and colleagues employed EuS-FNA as a first test after CT in 93 patients. 38 The authors sampled the MLNs, celiac axis nodes, left lobe of the liver and left adrenal nodes in a single procedure, which enabled both tissue diagnosis and staging to be performed during a single test in 70% of cases. Metastases to celiac axis nodes were detected in 11% of cases, half of which had not been suspected from CT findings. The study also highlighted the improved accuracy of EuS-FNA compared with CT and PET for the detection of metastases from lung cancer and the poor prognosis of patients with celiac axis nodal involvement. 39 Annema et al. 39 showed that adding EuS-FNA to routine mediastinoscopy in 100 patients changed preoperative staging in 16% of cases, because EuS-FNA enabled minimally invasive sampling of posterior areas of the mediastinum that could not be reached by standard mediastinoscopy. If EuS is performed after CT, PET and negative mediastinoscopy, malignant N2 or N3 disease may still be detected in 37% of patients. 40 EuS-FNA detected metastases in lymph nodes that were inaccessible to mediastinoscopy, which reinforces the importance of test selection based on lymph-node distribution seen on noninvasive imaging.
Metastatic disease in MLNs that are <1 cm in short-axis length can also be detected by EuS-FNA. 41, 42 Although the sensitivity of this technique can be reduced in such small nodes, 33 the detection of mediastinal metastases in posteri or lymph nodes of this size on CT scan is an important finding. Since posterior lymph nodes are in accessible to standard mediastinoscopy, these patients would otherwise have undergone futile thoracotomy.
In patients with PET-positive (FDG-avid) media stinal lymphadenopathy, EuS-FNA has high sensitivity for the diagnosis of metastases. 43, 44 In one study, EuS-FNA of PET-positive nodes was a cost-effective strategy that reduced the need for surgical staging procedures by more than 50%, which saved 40% of staging costs. 44 Studies that compared the performance of CT, PET and EuS-FNA as staging modalities concluded that EuS-FNA gave the most accurate results. 45, 46 However, the high negative predic tive value of combined CT and PET meant that routine use of preoperative EuS-FNA in this group of patients was not justified. 47 EuS-FNA represents an important advance in the accurate mediastinal staging of NSCLC. It is a particularly useful method for sampling posterior or left-sided MLNs, regardless of their size. However, issues of utilization, cost, availability, training and expertise in this procedure remain. A recent survey in the uS indicated that over 60% of oncologists felt that EuS would not improve staging of NSCLC. 48 Furthermore, in centers where EuS was available, less than 20% of oncologists would employ it for lung-cancer reviews staging. Incorporation of EuS-FNA into guidelines for lung-cancer staging 9, 13 and increased use of a multidisciplinary approach to lung cancer manage ment should encourage the use of EuS-FNA in clinical practice.
Endobronchial ultrasound
Endobronchial ultrasound-guided transbronchial needle aspiration (EBuS-TBNA) is a new and minimally invasive technique that represents a significant advance in the mediastinal staging of NSCLC. The procedure was initially performed by placing a catheter with a radial ultrasound mini-probe at the tip, in the working channel of a broncho scope. When the lymph node to be sampled had been located, the catheter was withdrawn and replaced with a TBNA needle. The lymph node was then sampled blindly with TBNA. Recently, an integrated, curvilinear, ultrasound bronchoscope has been developed. This device allows TBNA to be performed with a 22-gauge needle under real-time ultrasonographic guidance (Figure 3 ), which has superseded the radial mini-probe technique. These techno logical advances allow the pulmonologist and thoracic surgeon for the first time to sample the mediastinum in a minimally invasive manner with high sensitivity. 49 Lymph nodes at stations 1, 2, 3, 4, 7, 10 and 11 are readily accessible to this technique, an increased range compared with standard mediastinoscopy. EBuS-TBNA routinely provides samples from the posterior subcarinal space and hilar areas that are out of reach of cervical mediastinoscopy. However, randomized studies that compared mini-probe ultrasound-guided TBNA with the blind sampling technique 50, 51 have produced conflicting results. One such study suggested that the diagnostic yield of mini-probe EBuS was similar to that of blind TBNA, 50 whereas another trial concluded that mini-probe EBuS had a significantly improved diagnostic yield. 51 This latter study noted a benefit of mini-probe EBuS versus blind TBNA in all lymph node stations except in the subcarinal region. However, the trial may not have been sufficiently powered to detect a small improvement in yield from enlarged subcarinal glands, a region in which blind TBNA traditionally has a high yield. Importantly, data now exist that confirm the theoretical benefit of real-time linear EBuS-TBNA over the blind method. A single-center study conducted in the uS prospectively examined 138 consecutive patients with suspected or proven lung cancer, 30% of whom had mediastinal metastases. 52 Each patient sequentially underwent blind TBNA, EBuS-TBNA and EuS-FNA. The study demonstrated that linear real-time EBuS-TBNA had a significantly superior sensitivity over standard TBNA in the detection of mediastinal disease (69% versus 36%). 52 To date, no completed randomized trials have investigated the effects of EBuS-TBNA on patients' outcomes and health-care costs. The published study with the largest cohort of patients included 502 individuals from Germany, the uS and Denmark, 53 in whom EBuS-TBNA had a sensitivity of 93.5%. Meta-analysis of the diagnostic accuracy of EBuS-TBNA in 918 patients treated in expert centers has demonstrated a pooled sensiti vity of 90%, with a false-negative rate of 20% when the disease prevalence was 68%. 13 The analysis did, however, include 87 patients who had mini-probe-guided TBNA. No complications of EBuS-TBNA have been reported.
Given the high diagnostic accuracy of EBuS-TBNA, the logical approach is to compare it to the gold standard of mediastinoscopy. One study suggested that EBuS-TBNA is superior to mediastinoscopy for cancer staging in patients with enlarged MLNs. 54 This study included 66 consecutive patients in whom lung cancer was suspected on the basis of clinical and CT findings. All patients had enlarged mediastinal adenopathy (≥10 mm short-axis diameter) confined to lymph-node stations 2, 4 or 7; PET data were not available. Cervical mediastinoscopy and EBuS-TBNA were performed in all patients. The diagnostic accuracy (the combined yield of true-positive and true-negative results) of EBuS-FNA was 91%, which was significantly reviews better than that of mediastinoscopy (78%). However, the observed difference was due to the superiority of EBuS-FNA over mediastinoscopy for subcarinal nodes and may be explained by the fact that posterior subcarinal nodes are beyond the reach of standard mediastinoscopy. 54 The conclusion that EBuS-TBNA may have a superior yield to cervical mediastinoscopy requires confirmation in other studies and randomized trials.
False-negative findings in invasive mediastinal tests (EBuS-TBNA, EuS-FNA and mediastinoscopy) may result from either limitations of mediastinal access or sampling error within a lymph node. For mediastinoscopy, only restricted MLN stations can be accessed. EBuS-TBNA enables greater mediastinal (and hilar) access than mediastinoscopy but relies on needle aspiration, which can lead to sampling errors within a MLN. up to 25% of malignant MLNs contain metastatic disease in the marginal area of the lymph node only, 55 which corresponds closely to the false-negative rate observed in clinical studies. Consequently, negative EBuS-TBNA and EuS-FNA results (including adequate samples) should be investigated further, by surgical staging.
EBUS-TBNA: specific groups of patients
As with EuS-FNA, EBuS-TBNA has been evaluated in specific groups of patients. A Belgian study looked at 102 patients with NSCLC and FDG-avid MLNs. 56 The researchers found a prevalence of mediastinal disease of 58% in this cohort; EBuS-TBNA had a sensitivity of 95% and a negative predictive value of 91%. In 59 cases, use of EBuS-TBNA meant that mediastinoscopy need not be performed; this technique was, therefore, a highly effective initial alternative to mediastinoscopy in patients with PET-positive MLNs. Herth et al. 57 examined 100 patients who had a normal mediastinum on CT scan. Current guidelines do not advocate the use of ultrasound-guided MLN aspiration in patients whose nodes are <1 cm in short-axis diameter. 13 However, in this study, media stinal metastasis was detected in 1 in 6 patients, with a sensitivity of 92% and negative predictive value of 96%. Furthermore, EBuS-TBNA detected malignancy in 9% of MLNs that were <1 cm in short-axis diameter and PET-negative, with a sensitivity of 89%. 58 Currently, patients without MLN enlargement who have negative PET findings are offered curative surgery or radical radiotherapy in the absence of proven extrathoracic disease. These findings argue that EBuS-TBNA can detect MLN meta stases in such patients. This technique might, therefore, have an important role in the pre operative assessment of NSCLC, and might prevent futile thoracotomies.
In the absence of randomized studies and costeffectiveness data, and given the variable diagnostic yield associated with blind TBNA, the incorporation of EBuS-TBNA into international diagnostic and staging algorithms for NSCLC has been slow, despite its advantages over other staging modalities (Table 1) . Rintoul et al. 59 published their experience of their first 20 cases of NSCLC staged with this technique and achieved results in line with those of expert centers. In the uS and uK, issues surrounding reimbursement 60 and the lack of a specific National Health Service tariff, 61 respectively, may hinder the use of EBuS-TBNA. However, the emerging data on use of EBuS-TBNA and EuS-FNA for MLN staging do reveal a significant advance for patients with NSCLC and for the multidisciplinary team charged with their care.
62
Combined EUS-FNA and EBUS-TBNA EuS and EBuS provide complementary access to the entire mediastinum with the exception of station 6 MLNs. Both techniques used in combination can access mediastinal stations beyond the scope of mediastino scopy. Several centers have employed combined EuS-FNA and EBuS-TBNA in the same sitting for minimally invasive media stinal staging of NSCLC. 52, 59, 63 Initial results are encouraging. In one study of 33 patients, 31 were able to undergo both procedures sequentially under the same reviews sedation. 63 EBuS-TBNA provided additional information to that obtained by EuS-FNA and vice versa. The combined procedure had 100% sensitivity for detecting mediastinal metastases and, importantly, was well tolerated. EuS-FNA can detect extrathoracic disease whereas EBuS enables visualization of the endobronchial tree; therefore, use of both techniques in combination is a very attractive prospect. A European randomized trial to compare a combined EBuS-TBNA and EuS-FNA procedure versus mediastinoscopy is underway. Questions remain, however, over the widespread applicability of this approach. Resources and expertise in EuS-FNA and EBuS-TBNA are currently limited, particularly outside the uS. A further consideration is the health-care costs of this combined pro cedure, particularly when compared with a radiological or PET-guided approach to media stinal staging.
A new algorithm for NSCLC
Studies of EBuS-TBNA and EuS-FNA have demonstrated that the application of these techniques may reduce the need for surgical staging procedures. Some authors have suggested that EBuS-TBNA and EuS-FNA should be included in the diagnosis and staging algorithm for NSCLC only as a prelude to mediastinoscopy. 64 However, these techniques enable detection of meta stases in the radiologically normal mediastinum, 41, 42, 57 and with higher accuracy than other staging investigations. 58 In addition, as the data on PET matures, questions over its diagnostic accuracy (particularly in enlarged lymph nodes) are being raised. 12 Minimally invasive sampling of the mediastinum has the added benefit that it might provide a tissue diagnosis and disease staging that can guide treatment in a single test. Owing to their high sensitivity and specificity as well as their ability to detect mediastinal metastases that are missed by other modalities, EBuS-TBNA or EuS-FNA may be considered a first-line test for evaluation of patients with suspected NSCLC and intrathoracic disease.
We propose a diagnostic and staging algorithm that utilizes EBuS-TBNA, EuS-FNA or the combined EBuSEuS approach, where available, as a first diagnostic test for patients with intrathoracic disease (Figure 4) . When combined EBuS-EuS cannot be used, a targeted approach to MLN sampling can be employed. This approach may be based on the identification of enlarged lymph nodes seen on CT scan or on selection of the MLNs that primary NSCLCs are most likely to spread to. Patients with enlarged lymph nodes on CT in posterior MLN stations should undergo EuS-FNA as a first test. Those with paratracheal or subcarinal lymphadenopathy whose MLNs measure ≥1 cm in short-axis diameter may benefit from first-line EBuS-TBNA.
Patients assessed as having clinical stage 1 disease on the basis of CT findings do not have any enlarged MLNs. However, as discussed above, when a cut-off of 1 cm in short-axis diameter is used to assess MLN enlargement, CT has a sensitivity as low as 51%. 3 EBuS-TBNA and EuS-FNA detect MLN metastases missed by CT with a sensitivity of 61-92%, 41, 57 without the need for prior PET scan or subsequent mediastinoscopy. Studies have demonstrated that metastatic disease in patients with NSCLC has a predilection for certain MLN locations based on the site of the primary tumor. [65] [66] [67] Table 2 summarizes the most common pattern of MLN metastases from a known or presumed primary NSCLC and the most appropriate minimally invasive technique for diagnosis of N2 disease, when the combined approach is not available. When the expected pattern of MLN metastasis is used to guide the primary investigation, its diagnostic yield can be maximized.
Currently available data suggest that this proposed diagnostic and staging algorithm would minimize futile thoracotomies. The proposed schema, however, does raise several important issues. The false-negative rate of EBuS-TBNA and EuS-FNA demands that negative results for mediastinal aspiration should be investigated further. In the new schema, if a subsequent PET scan of the MLN is negative and it is <1 cm in short-axis dia meter, surgical staging is not justified, owing to the high negative predic tive value of PET in this situation. 47 In the absence of extrathoracic disease thoracotomy can be offered. Firstline EBuS-TBNA or EuS-FNA sampling could provide a tissue diagnosis and staging information in single investi gation. If either technique detects contralateral media stinal disease (or extrathoracic disease in the case of EuS-FNA) then surgery is clearly precluded. However, controversy still persists over the optimal management of patients with proven, single-station, N2 disease. If radical treatment is proposed with concurrent chemoradiotherapy, radical radiotherapy or neo adjuvant therapy then systemic staging with PET scan is still required. Many centers also employ PET for radiotherapy planning. A further considera tion that requires evaluation is the health-care costs of the new schema.
Future directions
Large, multicenter, randomized, controlled trials of EBuS-TBNA and further randomized studies of EuS-FNA are required to address the questions of whether futile thoraco tomies can be avoided and health-care costs can be saved.
Restaging of the mediastinum after neoadjuvant treatment is currently an important concern because resi dual reviews MLN metastasis is the most important pre operative factor that determines survival in patients who undergo neoadjuvant treatment. 68 Repeat mediastinoscopy remains a challenging procedure, owing to adhesions induced by the initial operation, and is performed by a limited number of thoracic surgeons. 69 EBuS-TBNA and EuS-FNA provide a new approach that may have an important application in this area since these procedures can easily be repeated in the same patient, or following mediastinoscopy. A preliminary study of 124 patients with proven stage IIIA-N2 disease who underwent media stinal restaging with EBuS-TBNA and then thoracotomy has been reported. EBuS-TBNA had a sensitivity of 76% in this setting. 70 Another study of EuS-FNA in MLN staging of 11 patients demonstrated 86% accuracy. 71 The alternative strategy of a minimally invasive initial staging procedure followed by media stinoscopy after induction therapy warrants investigation.
With the prospect of future treatments being tailored to an individual's cancer, 72, 73 EBuS-TBNA and EuS-FNA must demonstrate that the cytological samples they produce can provide sufficient information to allow molecular staging. Cytology might distinguish squamouscell carcinoma from other NSCLCs and, therefore, preclude the use of bevacizumab. Preliminary results suggest that detection of EGFR mutations in EBuS-TBNA samples is possible. 74 Overexpression of the EPCAM gene (formerly termed KS1/4), which is associ ated with lung cancer, has been detected by RT-PCR in EuS-FNA MLN samples. 75 Confirmatory data and other translational studies are required before biomarkers detected in mediastinal aspiration samples can be used in clinical practice.
The use of PET to stage disease in patients with NSCLC may have resulted in stage migration and an apparent improvement in survival, without affecting the natural history of this disease. For example, PET results might result in re-staging of patients initially considered to have stage III disease to stage Iv, which would improve survival in both groups. 76 By improving the identification of patients with operable disease, EBuS-TBNA and EuS-FNA may improve long-term survival of patients with stage I and stage II disease.
Conclusions
Minimally invasive MLN staging with EuS-FNA and EBuS-FNA are important advances for the staging of NSCLC. Data published over the past few years have provided evidence that these techniques are safe and highly sensitive and might reduce the number of surgical staging procedures required. The challenge now exists to determine their optimal role in the diagnostic and staging algorithm for NSCLC and to test the hypothesis that these techniques improve the accuracy of selection of surgical candidates.
